Depletion of mitochondrial DNA by down-regulation of deoxyguanosine kinase expression in non-proliferating HeLa cells.
Purine deoxyribonucleotides required for mitochondrial DNA replication are either imported from the cytosol or derived from phosphorylation of deoxyadenosine or deoxyguanosine catalyzed by mitochondrial deoxyguanosine kinase (DGUOK). DGUOK deficiency has been linked to mitochondrial DNA depletion syndromes suggesting an important role for this enzyme in dNTP supply. We have generated HeLa cell lines with 20-30% decreased levels of DGUOK mRNA by the expression of small interfering RNAs directed towards the DGUOK mRNA. The cells with decreased expression of the enzyme showed similar levels of mtDNA as control cells when grown exponentially in culture. However, mtDNA levels rapidly decreased in the cells when cell cycle arrest was induced by serum starvation. DNA incorporation of 9-beta-d-arabino-furanosylguanine (araG) was lower in the cells with decreased deoxyguanosine kinase expression, but the total rate of araG phosphorylation was increased in the cells. The increase in araG phosphorylation was shown to be due to increased expression of deoxycytidine kinase. In summary, our findings show that DGUOK is required for mitochondrial DNA replication in resting cells and that small changes in expression of this enzyme may cause mitochondrial DNA depletion. Our data also suggest that alterations in the expression level of DGUOK may induce compensatory changes in the expression of other nucleoside kinases.